Suitable area is an important index when selecting air cleaners. The suitable area's models in corresponding standards in American, Canada and Japan are all set up according to the particulate matters concentration equation. The suitable area can be calculated by multiplying a coefficient with CADR. However, air cleaners are also used to remove indoor gaseous chemical contaminants. The suitable area for particulate matters may not be reasonable for gaseous chemical contaminants. A new model to calculate the suitable area for indoor gaseous chemical contaminants has been set up. Using the CADRs of six tested air cleaners on the market, we compared the suitable areas of the air cleaners in different contaminant concentration levels. The results show suitable areas for gaseous chemical contaminants are much smaller than those for particulate matters. It is of great importance to distinguish suitable areas for different contaminants and the new model has a great reference value.
Introduction

Suitable area standards in the world
Frequent PM2.5 pollutions happened in many parts of China since 2013. As an effective PM2.5 removal household appliance, portable air cleaners have achieved a hot market in China. The suitable area is an important and intuitive index when selecting air cleaners for the polluted room. The suitable area index is mentioned in the air cleaner standard in America, Canada and Japan. The calculating methods are listed in the table 1. The CADRs listed in Table 1 are all for respirable particulate matters. The results are calculated according to the mass conservation equation of fine particulate matters in an assumed room. In three models, they all neglect the outdoor source of fine particulate matters. In the America and Canada standards, CADR is calculated on the condition that the contaminant concentration drops to 20% initial concentration regardless of time. The difference of final results between America and Canada are due to the different model parameters, such as room air exchange rate, sedimentation coefficient and room size. Japanese model emphasizes that the concentration drops from 1.25mg/m 3 to 0.25mg/m 3 within 30min.
Suitable area in China
In China, there is still no national standard stating how to calculate suitable area [4] . The methods above, however, cannot be well applied in China considering the current atmospheric condition.
Since 2013, China meets serious outdoor air quality challenges because of the frequent high-levels of respirable particulate matters. Fig. 1 . shows the PM2.5 annual average concentration and maximum daily average concentration of 30 main cities in China in 2013 [5] . The red line (35ug/m 3 ) is the annual PM2.5 concentration standard [4] . In the investigation, nearly 92% of 74 cities exceeded the Chinese national standard for PM2.5. The high concentration outdoor particulate matters can easily get into the residential buildings by penetration and ventilation to affect the indoor air quality. A long time exposure of respirable particulate matters will bring people risk of respiratory illness and significantly increase the morbidity and mortality. Consequently, the outdoor fine particulate matters become a great source of indoor particulate matters that cannot be neglected, and even in some extent the indoor source, such as smoking and cooking, can be neglected compared with the outdoor source. Li [6] established a calculating model for Chinese atmospheric situation which takes the outdoor particle source into consideration. In his model, the outdoor particulates get into the room via air leakages of windows and doors. The seams of windows and doors can be regarded as low efficient filters. It is supposed there is no indoor source. The mass conservation equation is, (1) where V is the room volume, m 3 ; c is the concentration of particulate matters in the room, ug/m 3 ; t is time, h -1 ; Q is the air leakage rate, m 3 /h; c0 is the outdoor concentration of particulate matters; pp is the penetration coefficient of the seams; kdep is sedimentation coefficient, h -1 ; CADR is the clean air delivery rate for particulate matters of air cleaners. (2) where ACH is the air change, h -1 ; A is the room area, m 2 . Take Q into equation (1), we get the formula (3).
The suitable area is associated with c0, so in different outdoor atmospheric environment we should have different to calculate the suitable area. However, household portable air cleaners not only remove particulate matters but also remove gaseous chemical contaminants, such as toluene, formaldehyde and VOCs. The removal models of particulate matters and gaseous chemical contaminants are not the same because of the source character. Different with particulate source, the gaseous chemical contaminants are usually emitted from indoor decorate materials, furniture and adhesives. The emission of gaseous chemical contaminants is less influenced by the outdoor environment and the geographical location. The suitable area for gaseous chemical contaminants should be calculated in a new model different from the method for particulate matters.
Methods
We use a supposed test room to set up the model for gaseous chemical contaminants' removal. The test room has the emitting source of one certain gaseous chemical contaminant and is equipped with an air cleaner to remove it. The windows and doors are closed and there is no gaseous chemical contaminant in the air from outside.
Consider two conditions of the room: with the air cleaner and without the air cleaner. The two conditions are all the same except the air cleaner's location. When the air cleaner is not placed inside the room, the room can be described by Fig. 2. (a) . (5) (6) When the air cleaner is in the room, which can be described in Figure 2 (b), we can get the gaseous chemical contaminant concentration equation (7). (7) where c is the certain gaseous chemical contaminant concentration in the room, mg/m 3 ; CADR is the clean air delivery rate for the gaseous chemical contaminant of the air cleaner, m 3 /h. When the concentration of the gaseous chemical contaminant does not vary with time, dt/dc=0, c0=0. Where ACH is the air change of the room, h -1 ; A is the area of the room, m 2 . We finally get the A described in formula (11). It is also calculated by multiplying a coefficient with CADR for the gaseous chemical contaminant. The coefficient is related to equilibrium concentration of the two conditions above. c' reflects the source of the gaseous chemical contaminant in the room.
(11)
Results
Suitable area for formaldehyde
Formaldehyde is one of the most common gaseous chemical contaminants in residential buildings [7] . It is also the main target of household air cleaners. In Chinese Standard, the concentration limit of formaldehyde in residential buildings is 0.08mg/m 3 . The α in the formula (11) varies with the source E. The c' at equilibrium can reflect the source of the contaminant. We consider three formaldehyde concentration levels in a room: low level, middle level and high level. They are separately two times, three times and four times the standard concentration of formaldehyde. The corresponding concentrations are listed in Table 2 . To compare the result with the suitable area calculated by Li's model, we use the same parameters in this model. The height of the room is 2.4m. The ACH of the room is 0.6h -1 . It is supposed that there are no materials adsorbing formaldehyde and reacting with formaldehyde, then the value of k is 0. Take the values of the parameters into formula (11), we will get the corresponding α to calculate the suitable area of the air cleaner in different concentration levels. The results are listed in Table 3 . The suitable area for other gaseous chemical contaminants, such as benzene, toluene and VOCs, can also be calculated in this way by taking the corresponding concentrations into the formula.
Suitable area for particulate matters
Li applies the suitable area calculating method in China. He also considers three outdoor pollution levels in Beijing. The corresponding concentration of particulates and the limit atmospheric concentration of particulate matters are listed in Table 4 . Taking the corresponding parameters stated in 3.1 into the formula (3), we get the final suitable area results in Table 5 . 
Discussion
The value of α and λ listed above have not too much difference in value, however the suitable area is not only influenced by the coefficient but also related with the CADR. The CADRs for particulate matters and gaseous chemical contaminants are not the same because of the difference of purification techniques. The particulate matters are almost removed by HEPA and the removal efficiency can reach as high as 99.97%. However, the gas chemical contaminants' removal by activated carbon filters, catalytic oxidation filters and photo catalysis does not show a performance as effective as particulate's, which may be only about 30% or even lower.
We tested 6 household air cleaners which are popular in Chinese air cleaner market. We use the decay method and test the decay concentration in a period of time. Using the decay constant, we calculate the CADRs of PM2.5 and formaldehyde as well as the equivalent efficiency. The results of CADRs are shown in Fig. 3 . D  264  251  92  40  86  40  29  20   E  226  156  79  34  71  33  21  16   F  165  114  58  25  16  8  5  4 The suitable area calculating methods in the national standards are for particulate matters. Comparing the suitable areas for PM2.5 and formaldehyde in the case listed above, we could figure out that it is unreasonable for people to refer to the suitable area index which is for particulate matters in the instruction book when choosing an air cleaner aiming at gaseous chemical contaminants. Once used in a room of an unsuitable size, the air cleaner will not guarantee the concentration can be purified to a security concentration.
In the above case, we suppose the ACH is the same when air cleaner is on and off. When the ACH on these two conditions are different, we can get the formula (12) shown below.
(12)
Where ACH1 is the air change when there is no air cleaner in the room; ACH2 is the air change when the air cleaner is working in the room.
According to the formula, when ACH2 becomes larger, α will be larger. It means strengthening the natural ventilation will increase the suitable area of air cleaners. If people have purchased an air cleaner which does not have enough ability to remove gaseous chemical contaminants, the air cleaners can also be used with natural ventilation.
Conclusions
Particulate matters and gaseous chemical contaminants are two main targets of household air cleaners. The sources of these two kinds of contaminants have different characteristics in China. Particulate matters are mainly from the outdoor atmosphere and change with the atmosphere condition and the geographical location. Gaseous chemical contaminants are mainly emitted from indoor decorate materials, furniture and adhesives, and the source strength varies little with outdoor environment and the geographical location. The demands for the air cleaners all over the whole China are not the same.
Air cleaners' suitable area index is calculated for particulate matters. The suitable area for particulate matters cannot represent the suitable area for gaseous chemical contaminants. Because of the difference between their sources, their suitable areas are calculated according to different models. The suitable area for particulate matters is mainly affected by the outdoor PM2.5 concentration. The suitable area for gaseous chemical contaminants is mainly affected by the indoor source. Because of the big difference between the CADRs of particulate matters and gaseous chemical contaminants, the suitable area for gaseous chemical contaminants is much smaller than that for particulate matters. It is unreasonable for people to only refer to the suitable area for particulate matters.
